It is common to attribute a flat rotation curve to our Galaxy. However Galazutdinov et al. (2015) in a recent paper have obtained a Keplerian rotation curve for outer parts of the Galaxy. They have calculated the distances from equivalent widths of interstellar CaII lines. The radial velocity was also measured on the interstellar CaII absorption line. We explain this unexpected result assuming elliptical orbits of some objects in our Galaxy. The application of formulas derived with the assumption of circular orbits to elliptical ones mimics the flat rotation curve.
Introduction
Our Galaxy is usually thought to have a flat rotation curve. The flat rotation curves of galaxies are usually explained with dark matter. The MOND (MOdified Newtonian Dynamics) models are less popular. However, some galaxies have Keplerian rotation curves which falls as ∼ 1/ √ r in the outer parts of the galaxies. In a sample of 45 galaxies analyzed by Honma & Sofue (1997) 11 have Keplerian rotation curve.
A compilation of rotation velocities observed in our Galaxy was made by Sofue et al. (2009) . They have transformed the rotational velocities from various sources to common parameters R ⊙ = 8 kpc and v ⊙ = 200 km/s and these values are also adopted in this paper. Rotation velocities from Sofue et al. (2009) , derived with tangent point method or from radial velocity, are shown on Fig. 1(a) .
The absence of dark matter in solar neighborhood was postulated by Moni Bidin et al. (2012) . Their result is based on stellar kinematics in direction perpendicular to the galactic plane. However, their calculation leads to a flat rotation curve.
The recent paper by Galazutdinov et al. (2015) shows a Keplerian rotation curve of our Galaxy. They have based on distances and radial velocities derived from interstellar CaII absorption lines. The aim of this paper is to reconcile the flat rotation curve from Sofue et al. (2009) and the Keplerian rotation derived by Galazutdinov et al. (2015) .
Model
We have made a Monte-Carlo simulation of stars on elliptical orbits beyond the Sun -Galactic center (R ⊙ ) distance. The semi-major axis (a), eccentricity (e), true anomaly (ν) and argument of pericenter (ω) were chosen randomly with uniform distribution. All orbits were located in the Galactic plane.
The rotation velocities were derived from formulas, that were derived assuming circular orbits. The rotation velocity was calculated from radial velocity (v r ) of star using
where r is the distance between star and the Galactic center. The letter l denotes galactic longitude. The transverse velocities (v t ) were also used to calculate the rotation velocity using the formula
where d is the star -Sun distance. The equations 1 and 2 are usually used to calculate the rotation velocity of the Galaxy. We want to test the influence of formulas derived for circular orbits applied to stars on elliptical ones. The semi-major axes in our simulation were distributed from 5 to 25 kpc to avoid truncation effects at R ⊙ = 8 kpc. The stars with galactic longitude less then 15 • from 0 • or 180 • were not shown, because the denominator in eq. 1 is to small. Also stars with rotational velocities calculated from transverse velocity and d − R ⊙ cos l < 1.5 kpc (denominator in eq. 2) were not shown on the plots. A small denominator in equations 1 and 2 leads to unphysically large rotation velocities, up to tens of thousands km per second.
The result of the Monte-Carlo simulation for 200 stars is shown on Fig. 1(b)-(d) . The rotation velocities derived from transverse velocities (panel (b)) are spread close to the Keplerian curve. However, the rotation velocities derived from radial velocities (panel (c)) have large dispersion and look very similar to the observed rotation velocities from Sofue et al. (2009) . Only stars with the distance 8-20 kpc from Galactic center are shown on the Monte-Carlo simulations plots.
Discussion
The molecular clouds have the lowest velocity dispersion σ z = 5 km/s in the direction perpendicular to the galactic plane, as compared to stars or HII regions. Because of the large cross section they may be better thermalised than stars. Therefore the orbits of molecular clouds may have lower eccentricity than other objects. Figure 1(d) shows rotation velocity for simulated interstellar clouds (e=0-0.07) derived from radial velocities. They match very well the Keplerian rotation curve, similar to velocities observed by Galazutdinov et al. (2015) .
We have analyzed radial velocities of stars in the Galactic anticenter from the CORAVEL spectrograph given by Famaey et al. (2005) . Stars in binary systems have been removed from the analyzed sample. Regardless of the size of square centered on the Galactic anticenter the standard deviations of radial velocities can not be explained assuming circular orbits (Table 1) . We obtain standard deviation of radial velocities similar to observed ones, assuming elliptical orbits with eccentricity 0.7 in the outer parts of our Galaxy.
Eleven directions towards galactic anticenter were observed by Galazutdinov et al. (2015) . The interstellar clouds are located in Galactic longitudes 184 • <l<190 • . The radial velocities towards these clouds have a standard deviation of 1.8 km/s. We cannot obtain such low dispersion even with circular orbits. The standard deviation of radial velocity for circular orbits in the mentioned longitude range is 3.5-7.2 km/s. The main argument for the flat rotation curve of our Galaxy is the observation of Sharpless 269 star forming region observed by VERA (VLBI Exploration of Radio Astrometry). Both radial and transverse velocities (Honma et al., 2007) lead to a rotation velocity of ∼200 km/s. The VERA observation of Sharpless 269 can be explained assuming elliptical orbit with eccentricity e=0.65.
Conclusions
The main results are:
• The observations of flat or Keplerian rotation curve of our Galaxy can be explained assuming Keplerian rotation, elliptical orbits of stars and almost circular orbits of interstellar clouds.
• The Galactic rotation velocity derived from radial velocity in the case of elliptical orbits can not be used to distinguish between flat or Keplerian rotation curve.
• The Galactic rotation velocity derived from transverse velocity of objects on elliptical orbits is more accurate than rotation velocity derived from radial velocity. However, the measurements of transverse velocity for distant objects must probably be made using radio interferometry.
The existence of elliptical orbits in the Galaxy would have a huge impact on the amount of dark matter in our Galaxy.
